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Objectives. The aims of the present study were to analyze patient- and management-related predictors for outcome after
open (OR) and endovascular repair (EVAR) of ruptured abdominal aortic aneurysm (rAAA).
Design. Retrospective study.
Materials. The in-hospital registry of Malmo¨ University Hospital identified 162 patients operated on due to rAAA
between 2000 and 2004.
Methods. Patient- and management-related predictors for outcome were analysed.
Results. Preoperative CT in 39 out of 62 circulatory unstable patients was not associated with increased mortality
(p¼ 0.60). There was a significant increase in repairs performed by EVAR during the study period (p< 0.001), and in
2004 EVAR exceeded the annual rate of OR. Patients in the EVAR group were older (p¼ 0.025), whereas patients in
the OR group more often suffered from unconsciousness after presentation (p¼ 0.004). Age, unconsciousness after presen-
tation and haemoglobin were significantly associated with in-hospital mortality when tested in a multivariate logistic
regression model (p¼ 0.002, p¼ 0.003 and p< 0.001, respectively). The in-hospital mortality for patients undergoing
OR and EVAR was 45% (48/106) and 34% (19/56), respectively (p¼ 0.16). Diagnosis of abdominal compartment
syndrome (p¼ 0.005) and intestinal infarction (p¼ 0.002) was associated with poor survival.
Conclusions. Patient-related factors such as age, loss of consciousness and haemoglobin predicts outcome in a population
where both emergency OR and EVAR for the treatment of rAAA is feasible.
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The surgical mortality from ruptured abdominal
aortic aneurysm (rAAA) is still 40e50%.1 Predictors
for outcome after open repair (OR) for ruptured ab-
dominal aortic aneurysm (rAAA) have been studied
extensively,2e5 whereas the knowledge about predic-
tors after endovascular repair is scarce. Endovascular
aortic aneurysm repair (EVAR) has been established
in Malmo¨ and has evolved to be the first line treat-
ment option in patients with AAA6 at our depart-
ment, as well as in patients with rAAA.7 EVAR can
be performed under local anaesthesia and also fragile,
otherwise unfit patients for open surgery, may tolerate
this procedure.8 However, EVAR requires a preopera-
tive CT investigation to determine whether or not
there are anatomical prerequisites for emergency
endovascular exclusion of the rAAA. A preoperative
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verify a non-palpable rAAA, but there are major con-
cerns related to the delay in surgery in circulatory un-
stable patients. The aims of the present study were to
analyze patient- and management-related predictors
for outcome after open and endovascular repair of
rAAA in a tertiary referral centre.
Materials and Methods
Study population and setting
The Department of Vascular Diseases Malmo¨-Lund is
a tertiary referral centre with a catchment population
of approximately 756 000 inhabitants (2002, Swedish
Central Bureau of Statistics, www.scb.se) in the south-
ernmost part of Sweden. Emergency operations due to
rAAA are mainly performed in Malmo¨ University
Hospital. In general, patients admitted at hospitals
outside of Malmo¨, were transferred to Malmo¨ after
diagnosis if the patient were judged as circulatoryrved.
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the local hospital if the patient was considered unsta-
ble. Our policy regarding volume substitution in-
cludes restricted fluid resuscitation and permissive
hypotension preoperatively.9 EVAR can only be per-
formed in Malmo¨. In the beginning of 2004, a new
multi-slice CT (Siemens Sensation 16) was installed
at the newly built Diagnostic Center in Malmo¨ Uni-
versity Hospital. During the study period, all surgical
procedures, and all diagnoses assigned to inpatients
upon discharge or death were classified according to
the ICD-10 code and collected in a computerised
registry.
Retrieval of rAAA cases
The identification of patients with the diagnosis of
rAAA between 1 January 2000 and 31 December
2004, managed operatively or non-operatively, was
based on ICD-code I71.3. Medical records were ana-
lysed. The computerized autopsy registries at Depart-
ment of Pathology, Malmo¨ University Hospital, and
the Institution of Forensic Medicine in Lund, Lund
University Hospital, were used to identify the proto-
cols of the patients with rAAA.
Definition of rupture, circulatory instability, operation
and abdominal compartment syndrome
Rupture was defined as extravasation of blood or hae-
matoma outside the AAA on CT examination and/or
haematoma outside the AAA during open repair or at
autopsy. Patients undergoing emergency surgery for
a non-ruptured inflammatory or symptomatic AAA
were excluded. Circulatory instability was defined
as loss of consciousness, either transient or perma-
nent, prior to operation. Operation was defined as
the delivery of an anaesthetic with the intention of
performing AAA repair or a note of start of operation
in the anaesthetic report. Abdominal compartment
syndrome was diagnosed in patients in whom the
abdominal wall was impossible to close at primary
operation or at re-operation, or when closed, the
patients were more difficult to ventilate, or when
there was a documentation of a high postoperative
intra-abdominal pressure (IAP) above 30 cm H20
(22.1 mm Hg) in combination with respiratory,
haemodynamic or renal failure. Measurement of
IAP was performed indirectly intra-vesically by
connecting the aspiration port of the urinary catheter
to a pressure transducer after having installed 50 ml
saline into the bladder.10Eur J Vasc Endovasc Surg Vol 33, March 2007Predictors for outcome after operation for rAAA
Patient- and management-related predictors for out-
come (age, loss of consciousness, creatinine, Hb,
cardiac markers and warfarin treatment) were ana-
lysed. A community-based analysis of preoperative
time consumption (hospital admission to CT to start
of operation) in Malmo¨ patients who were managed
with either open repair (OR) or EVAR was performed.
All patients were followed from the day of surgery
until death or January 31st, 2006. Follow-up mortality
data was retrieved from the Swedish Population
Registry. Mean (median) follow-up time was 23 (16)
months. The analysis of long-term survival encom-
passed all deaths occurring between surgery and
end of follow up.
Ethics
This study was approved by the Research Ethics
Committee of the University of Lund.
Statistical methods
Differences in proportions for nominal variables were
evaluated using the chi-square or the Fisher’s exact
test, and the Kendall’s tau-b test for ordinal variables.
Skewed distributions such as age and timing of CT
were expressed in terms of median and range, and
the Mann-Whitney U test was used to evaluate differ-
ences. Comparison between creatinine levels before
and after EVAR was evaluated with the Wilcoxon
test. Correlation analysis was performed utilising the
Spearman Rank test. Variables that were significantly
associated with in-hospital mortality were further
tested in a multivariate logistic regression model
with all variables entered into the model. Log Rank
test was used in the overall comparison of survival
curves for OR and EVAR. P< 0.05 was considered
significant.
Results
The non-operated patients with rAAA
In all, 85/247 (34.4%) patients were not subject to sur-
gery and died. In 34 patients, death occurred outside
hospital, whereas 51 patients died within the hospital
without surgery. Autopsy was performed in 64/85
(75.3%) patients. Fifteen out of these 51 in-hospital pa-
tients (29%) were assessed in time, but not considered
for surgery. The documented factors that contributed
to the non-operative management of these 15 patients
279Predictors in Ruptured Abdominal Aortic Aneurysmswere the following: High age (n¼ 13), cancer (n¼ 3),
suprarenal AAA (n¼ 2), chronic obstructive pulmo-
nary disease (n¼ 1) and patients own refusal of sur-
gery (n¼ 1). Diagnosis was established at autopsy in
64 patients. In eight and 13 patients, the diagnosis
was based on CT scan or on clinical grounds (previous
known AAA together with acute symptoms), respec-
tively. Median (range) age was 77 (54e96) years, and
21 (24.7%) were women.
The operated patients with rAAA
The 162 operated patients, 135 (83.3%) men and 27
(16.7%) women, were younger, median age of 74
(49e89), than the non-operated patients ( p¼ 0.023).
The patients were operated in Malmo¨ (116; 71.6%),
Lund (38; 23.5%) and other hospitals (8; 4.9%). A tran-
sient or permanent period of unconsciousness was
documented prior to admission in 59/161 (37%), after
presentation in 62/161 (39%), and prior to operation
in 76/161 (47%) patients (missing data in one patient).
Twenty out of 157 patients (12.7%) were on warfarin
treatment (missing data in five patients).
Investigations
The preoperative median haemoglobin was 116 g/L
(42e165) in 121 measured patients, and haemoglobin
was not correlated with loss of consciousness after
presentation (r¼0.07, p¼ 0.47). The preoperative
median creatinine was 120 mmol/L (57e508) in 114
measured patients. The preoperative median (range)
prothrombin complex value was 2.9 International
Normalized Ratio (INR) (1.6e5.2) in 16 measured pa-
tients among those twenty on warfarin, and in six
patients the prothrombin complex value was higher
than 3.0 INR. Preoperative cardiac markers such as
troponin I (ref 0.5 mg/L) and creatine kinase -MB
(ref 0.10 mg/L measured once) was measured in 59
and 61 patients, respectively, and was found slightly
elevated in one and five patients, respectively.Preoperative CT scan was performed on 130
(81%) out of 161 patients (one missing data), of
whom 91 were considered as circulatory stable after
presentation.
Sub group analysis of time consumption in relation
to preoperative CT
A population-based analysis was performed on the
subgroup of patients living in Malmo¨ City (Table 1).
Preoperative time consumption from admission to
CT, from CT to start of operation, or from admission
to start of operation was possible to obtain in 66%
(44/67), 69% (46/67) and 84% (56/67) patients, re-
spectively. The shortest and median time from admis-
sion to start of operation in six out of seven evaluable
patients not undergoing CT was four and 74 minutes,
respectively, which was significantly shorter than for
the 50 out of 60 evaluable patients who underwent
CT ( p¼ 0.01 for median time). A preoperative CT
was performed in 60 (90%) out of 67 patients from
Malmo¨ City. The median time from admission to start
of operation was significantly shorter for patients un-
dergoing emergency OR ( p¼ 0.025), and there was
a trend that there was less time consumption between
CT and start of operation in the OR group ( p¼ 0.062).
Systolic blood pressure was not measurable in six pa-
tients in the OR group at admission, and there was a
trend towards a lower systolic blood pressure among
the OR patients ( p¼ 0.053) (Table 1). The two patients
with ruptured AAA who waited for 43 hours (OR
group) and 24 hours (EVAR group) from CT to start
of operation were initially not interpreted as rAAA
from the CT imaging studies. The median (range)
time from admission to CT was 62 (15e525) min and
107 (8e2880) min in 2004 (n¼ 10) and 2000e03
(n¼ 34), respectively ( p¼ 0.17). Time from CT to start
of operation did not differ between the group of pa-
tients documented in 2000 (n¼ 7) compared to 2004
(n¼ 10). Among the 38 Malmo¨ City patients with
loss of consciousness after presentation, the in-hospital
mortality rates in patients undergoing CT (n¼ 29)Table 1. Time consumption in relation to preoperative CT in 67 patients from Malmo¨ city with rAAA managed with OR or EVAR
OR N¼ 38 EVAR N¼ 29 p-value
Systolic blood pressure at admission (mm Hg)* 100 (nme220) (n¼ 35) 130 (60e200) (n¼ 27) 0.053
Preoperative CT 31 (82%) 29 (100%) 0.016a
Time factor (min)*
Time from admission to CT 80 (10e364) (n¼ 21) 100 (8e2880) (n¼ 23) 0.58
Time from CT to start of operation 57 (11e2589) (n¼ 21) 141 (8e1440) (n¼ 25) 0.062
Time from admission to start of operation 122 (4e2795) (n¼ 32) 219 (75e4320) (n¼ 24) 0.025
nm¼ not measurable.
* Median (range).
a Fisher’s exact test.Eur J Vasc Endovasc Surg Vol 33, March 2007
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spectively ( p¼ 0.67).
The operations
In total, 106 (65%) OR and 56 (35%) EVAR were per-
formed. The OR performed employed the following
bypasses: Straight aorto-aortic (63), aorto e biiliac
(18), aorto e bifemoral (19) and aorto e uniiliac/uni-
femoral (1). In five patients, only explorative laparot-
omy without vascular reconstructions was performed
due to cardiac arrest.
The EVAR procedures were as follows: Aorto-uniiliac
stentgraft and femoro e femoro crossover (25), aorto e
biiliac (23), aorto e aortic (1), redo aorto-uniiliac (3)
and redo aorto-aortic (2) stentgraft placements. Two pa-
tients died in cardiac arrest during the operation prior
to deployment of the stentgraft. Another two patients
died during the operation due to failure of excluding
the aneurysm after stentgraft deployment (type I
endoleak). The documented median (range) amount
of iodinated contrast media administered during
angiography was 33.6 g (0.0e95.4) in 48 out of the 56
EVAR patients. Two patients underwent carbon
dioxide angiography and consumed none and 0.8 g
iodine, respectively. There was no difference in adminis-
tered dose of iodinated contrast media during EVAR
between survivors (n¼ 37) and non-survivors (n¼ 19)
( p¼ 0.31).
One patient was operated three times due to rup-
ture and survived. In 1997 by EVAR, in 2000 by repeat
EVAR and in 2001 by OR. In addition there were three
patients treated with EVAR due to an asymptomatic
AAA (1997, 1997 and 2000, respectively) prior to rup-
ture, of whom all survived after an emergency repeat
EVAR. One patient who previously was treated with
an OR due to an asymptomatic AAA presented with
a ruptured pseudoaneurysm located at the proximal
anastomosis, which was repaired with an endovascu-
lar stentgraft but the patient died.
There was a significant decrease in the percentage
of ORs between 2000 and 2004 ( p< 0.001), and in
2004 EVAR exceeded the annual rate of OR (Fig. 1).
Emergent re-operations
Re-operations were performed in 34 (21%) patients. Re-
operation after OR and EVAR occurred in 26 (24%) and
eight (14%) patients, respectively ( p¼ 0.13). Abdomi-
nal decompressive surgery was performed in eleven
patients due to abdominal compartment syndrome
after operation, and three of these patients had
been treated with an EVAR. Explorative laparotomy,Eur J Vasc Endovasc Surg Vol 33, March 2007without findings for further surgery, was performed
in six patients. Re-operations were also performed
due to bleeding (n¼ 6), abdominal wall rupture
(n¼ 4), colonic ischaemia (n¼ 4) and extensive intesti-
nal ischemia (Superior Mesenteric Artery insuffi-
ciency) (n¼ 3), leg ischaemia (n¼ 2), lower leg
compartment syndrome (n¼ 2), intestinal obstruction
(n¼ 1), abdominal wall necrosis (n¼ 1) and rupture
of external iliac artery after EVAR (n¼ 1).
Transmural intestinal ischaemia was diagnosed in
twelve (7%) patients: At primary operation (n¼ 1),
re-operation after OR (n¼ 7), autopsy after OR
(n¼ 1) and EVAR (n¼ 2), and at colonoscopy (n¼ 1).
Outcome
The overall in-hospital mortality after operation was
41.4% (67/162). The in-hospital mortality for patients
undergoing OR and EVAR was 45% (48/106) and 34%
(19/56), respectively ( p¼ 0.16). The autopsy rate
among the non-survivors was 15% (10/67). Patients
in the EVAR group were older ( p¼ 0.025). Patients
in the OR group suffered more often from uncon-
sciousness after presentation between 2000 and 2004
( p¼ 0.004) (Table 2), but unconsciousness after
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Fig. 1. The increasing proportion of EVAR vs OR in patients
with rAAA between 2000e2004 in Malmo¨ ( p< 0.001,
Kendall’s tau-b test).
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OR (N¼ 106) EVAR (N¼ 56) p-value
Patient Count Patient Count
Age* 106 74.0 (49e89) 56 75.5 (54e88) 0.025
Men 106 90 (85%) 56 45 (80%) 0.46
Loss of consciousness
Prior to admission 105 44 (42%) 56 15 (27%) 0.058
After presentation 105 49 (47%) 56 13 (23%) 0.004
Prior to operation 105 57 (54%) 56 19 (34%) 0.014
Laboratory investigations*
Hemoglobin (g/L) 73 116 (55e159) 48 114 (42e165) 0.78
Creatinine (mmol/L) 65 120 (57e500) 49 113 (38e620) 0.41
Prothrombin complex (INR) 53 1.1 (0.9e4.5) 33 1.1 (0.9e5.2) 0.53
Creatine-Kinase MB (mg/L) 39 2.0 (1.0e14.0) 22 5.0 (1.0e15.0) 0.006
Troponin I (mg/L) 38 0.05 (0.01e0.30) 21 0.09 (0.02e1.0) 0.17
* Median (range).presentation was present in 6/15 (40%) and 5/16
(31%) patients who underwent OR and EVAR,
respectively, in 2004 ( p¼ 0.61). Among 34 out of 37
survivors in the EVAR group, the median (range) pre-
operative creatinine level was 107 mmol/L (51e620)
compared to 92 mmol/L (57e556) at discharge
( p¼ 0.015). No survivor suffered from an induced re-
nal insufficiency after EVAR. Two survivors had type
II endoleak at completion angiography, but not at CT
follow-up at one month. The first CT follow up (range
1e12 months) among the 37 survivors detected occlu-
sion of iliac stentgrafts (n¼ 2), type II endoleak (n¼ 1)
and type I endoleak (n¼ 1). Reintervention was per-
formed in three out of these four patients, whereas
one patient died prior to reintervention of an oc-
cluded iliac stentgraft. The survival curves for OR
and EVAR did not differ from each other ( p¼ 0.80)
(Fig. 2).
Prognostic factors
In-hospital mortality was analyzed in relation to
patient- and management-related prognostic factors
(Tables 3 and 4). By multivariate logistic regression
analysis of 121 patients with complete data, haemo-
globin ( p¼ 0.002) and loss of consciousness after
presentation ( p¼ 0.011) were significantly associated
with in-hospital mortality, where as age ( p¼ 0.053)
was not. When recoding missing values for haemoglo-
bin (n¼ 41) into mean haemoglobin value, 116 g/L,
161 patients could be analysed and all three variables,
haemoglobin ( p< 0.001), loss of consciousness after
presentation ( p¼ 0.003) and age ( p¼ 0.002), were in-
dependently associated with in-hospital mortality.
None of the seven patients with a haemoglobin below
80 g/L at admission survived. The mortality rate for
patients on warfarin treatment was 55%. Medicationwith warfarin was not associated with in-hospital
mortality ( p¼ 0.16), but only 1/6 patients with
preoperative prothrombin complex value> 3.0 INR
survived.
The in-hospital mortality in patients undergoing
preoperative CT (n¼ 130) or not (n¼ 31) was 40%
(52/130) and 45% (14/31), respectively ( p¼ 0.60).
Loss of consciousness after presentation was docu-
mented in 30% (39/129) of those undergoing a pre-
operative CT scan vs 74% (23/31) of those who did
not ( p< 0. 001). Among the 62 out of 161 patients
with loss of consciousness after presentation, the
in-hospital mortality rates in patients undergoing
CT (n¼ 39) and not (n¼ 23), was 59% (23/39) and
52% (12/23), respectively ( p¼ 0.60). In 150 evaluable
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Fig. 2. Long term survival after surgery for rAAA in Malmo¨
2000e2004: OR(green line) vs EVAR(blue line). Censored
patients marked with ticks. Numbers below time axis de-
note numbers at risk in each group at respective time point.Eur J Vasc Endovasc Surg Vol 33, March 2007
282 S. Acosta et al.Table 3. Patient-related predictors for in-hospital mortality in 162 patients operated on due to rAAA between 2000e2004
Survivors (N¼ 95) Non-survivors (N¼ 67) P
Age* 73 (49e88) 78 (61e89) 0.003
Men 82 (86%) 53 (79%) 0.22
Medication with warfarin 9/93 (10%) 11/64 (17%) 0.16
Loss of consciousness
Prior to admission 28 of 94 (30%) 31 (46%) 0.032
After presentation 27 of 94 (29%) 35 (52%) 0.003
Prior to operation 38 of 94 (40%) 38 (57%) 0.041
Laboratory investigations*
Hemoglobin (g/L) 118 (81e161) (n¼ 68) 108 (42e165) (n¼ 53) 0.001
Creatinine (mmol/L) 110 (51e620) (n¼ 63) 126 (38e508) (n¼ 51) 0.12
Prothrombin complex (INR) 1.1 (0.9e3.3) (n¼ 49) 1.1 (0.9e5.2) (n¼ 37) 0.14
Creatine-Kinase MB (mg/L) 2.2 (1.0e15.0) (n¼ 32) 3.0 (1.0e14.0) (n¼ 29) 0.39
Troponin I (mg/L) 0.05 (0.01e1.0) (n¼ 30) 0.09 (0.01e0.50) (n¼ 29) 0.54
* Median (range).patients, there was no difference in mortality between
the group of patients in whom the operations started
in day-time (n¼ 77; 8 ame5 pm) and not (n¼ 73)
( p¼ 0.71). Re-operations were associated with a ten-
dency for a higher mortality ( p¼ 0.053), whereas the
subgroup of eleven patients who were re-operated
on due to abdominal compartment syndrome ( p¼
0.005) had a very high mortality of 82% (9/11). Diag-
nosis of intestinal infarction was associated with poor
survival ( p¼ 0.002).
Discussion
The findings of this study confirm that patient-
related predictors for outcome such as age, loss of
Table 4. Management-related predictors for in-hospital mortality
in 162 patients operated on due to rAAA between 2000e2004
Number of
patients
In-hospital
mortality
patients (%)
P
All 162 67 (41%)
Operation in Malmo¨ 116 of 162 49 (42%) 0.93
Operation in 2001 33 of 162 10 (30%) 0.15
Operation in 2004 31 of 162 15 (48%) 0.38
Preoperative CT 130 of 161 52 (40%) 0.60
Start of operation between
5 pm to 8 am
73 of 150 31 (42%) 0.71
EVAR 56 of 162 19 (34%) 0.16
Re-operations
All 34 of 162 19 (56%) 0.053
Abdominal Compartment
Syndrome (abdominal
decompression)
11 9 (82%) 0.005
Intestinal infarction 7 5 (71%) 0.13*
Diagnosis of intestinal
infarction
12 of 162 10 (83%) 0.002
* Fisher’s exact test.Eur J Vasc Endovasc Surg Vol 33, March 2007consciousness and haemoglobin were independently
associated with in-hospital mortality, whereas man-
agement-related predictors were of less importance.
The finding that haemoglobin levels at admission
was not lower in unconscious compared to conscious
patients, may simply reflect the relatively slow phys-
iologic compensatory fluid-shift mechanisms after
blood loss. Creatinine was not found to be a prognostic
factor, which may be attributed to a type II statistical
error and/or due to the lack of adjustment to age,
gender and body weight in assessing renal function.
Unexpectedly, creatinine was decreased after EVAR,
which may be due to the presence of hypovolemia
at admission, and that careful perioperative fluid re-
suscitation was sufficient to preserve renal function.
We did not find that medication with warfarin was as-
sociated with in-hospital mortality. On the other hand,
only 1/6 patients with preoperative prothrombin
complex value> 3.0 INR receiving warfarin treatment
survived. Ideally, prothrombin complex concentrate
should be administered immediately after diagnosis
to reverse the warfarin effect and to avoid an even
more troublesome bleeding at operation. This prob-
lem has not received much attention at our institution,
and prothrombin complex concentrate was therefore
often administered late in the perioperative period,
if at all, which may have contributed to the high mor-
tality rate among these patients. The present study
suggests that preoperative cardiac markers are not
predictors for outcome, either due to a low incidence
of myocardial ischemia among patients with rAAA or
an inability of the tests to detect this.
However, a rise in troponin I after surgery for
rAAA have been reported to be useful as a predictor.11
The use of preoperative CT scans in patients with
rAAA have increased in those centres who have the
possibility to proceed with an emergency EVAR. The
crucial question is whether or not preoperative CT
283Predictors in Ruptured Abdominal Aortic Aneurysmsscans can be performed in time among circulatory un-
stable patients without risking the patients’ lives even
more. Lloyd et al.12 studied the time from admission
to death in patients without operation and argued
that CT followed by EVAR probably would have
been possible in most patients. Boyle et al.13 studied
the time from admission to operation and found
that there would have been sufficient time for both
CT and EVAR. However, their study was based on
a high proportion of tertiary referrals. The analysis
of time consumption in relation to operation method
in the present study was community-based to avoid
such a selection bias. The use of preoperative CT in
circulatory unstable patients was not associated with
an increased mortality. It seems that the majority of
patients with history of unconsciousness after presen-
tation may indeed benefit from a preoperative CT
scan, but there will always be some patients in pro-
found shock, who should proceed direct to operation.
Nevertheless, some circulatory unstable patients may
be considered unfit for open surgery, but possibly fit
for EVAR, and these high-risk patients are thus chan-
nelled through a preoperative CT scan anyway. The
mortality rate of both OR and EVAR, may seem some-
what high, but in this intention to treat analysis all
patients reaching the operation table were included,
even those seven patients who died during the
operation.
The occurrence of abdominal compartment syn-
drome (ACS) and intestinal infarction after operation
for rAAA was associated with poor prognosis. It is
suggested that both these conditions were underesti-
mated due to low awareness in our study, and in
the case of intestinal infarction also due to a low au-
topsy rate, 15%, among the non-survivors after opera-
tion. Improvement of survival in patients with ACS
depends on prompt recognition and monitoring pa-
tients at risk.14 The presence of intestinal ischaemia
seems to be more difficult to assess, and even vigilant
vascular surgeons are often not aware of the presence
of colonic ischaemia after aortic surgery on their own
patients,15e17 unless routine colonoscopy and/or pHi
of the sigmoid colon is used.18,19
A higher share of older patients were selected for
EVAR, whereas most circulatory unstable patients af-
ter presentation were selected for OR. Another reason
for selecting patients to OR in this study was set by
the limitations of emergency EVAR in patients with
short proximal infrarenal necks superimposed by
intramural thrombus, and to some extent by narrow
iliac arteries. These complex aneurysms are more dif-
ficult to operate upon, which might contribute to the
relatively high mortality rate of 45% in the OR group.
Logistic problems in performing emergency EVARsuch as proper equipment, available operation facili-
ties or staff when urgently needed have been reduced
gradually during the study period. A selection bias
based on the endovascular competence of the sur-
geons in charge may have played a role at the begin-
ning of the study period. Indeed, the present study
demonstrated a significantly increase in emergency
EVAR and a simultaneous decrease in OR. During re-
cent years, anatomic unsuitability has become the
main obstacle for emergency EVAR at our institution.
The limitations of the present study are attributed
to the retrospective design and to the significant pro-
portion of circulatory stable patients referred from
other hospitals.
In conclusion, patient-related factors such as age,
loss of consciousness and haemoglobin predicts out-
come in a population where both emergency OR
and EVAR due to rAAA is feasible.
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